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'The deve1opmen'~ of criter~a for the planning and deSign of networks and arrays of 
i nstrullEntation to measure ground rmtions invol ves the following steps: 1) the: ground 
motions must be estimated; 2) the costs of operations must be evaluated; and 3) the 
benefit derived from the data must be assessed. A similar process is also required as 
the first st£p in the process of planning instrullEntation arrays for structure. The 
estimation of ground motions involves a determination of the tectonic setting, the 
seismicity of the region, and the recurrence of strong ground rmtions. In this ::'as~c 
approach to estimating ground motions. the source characteristics are modeled in terms 
of the recurrence of earthquakes of different magnitudes; the transmission of the rmtion 
is modeled as an attenuation of peak acceleration; and the motion at the site is obtained 
as a recurrence relation for particular site conditions. Most of the existing strong­
motion records have been obtained in Cal i forn; a and the technique for estimating ground 
IIDtion spectra are largely based on these records. Prel iminary eval uatlons for other 
regions of the United States suggest that the Mississippi embayment and Yellowstone Park 
regions may provide as much data, and as inexpensively. as some of the less active areas 
of California. High maintenance costs in Alaska offset the advantage of the generally 
high level of activity in that region. Instrumentation designed to study soil failures 
through Hquefaction or hndsliding can be incorporated into the regiena1 arrays if 
areas subject to soil failure are identified. This instrumentation should be installed , 
only in highly active areas. 
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.lallllillC em Ded. of Strona-IIDUon Iaatn.ent Ne~r'" 

&. I. ~TTHlfS'M 
U.S, Ceolo&ical Survey, Menlo 'ark, California 

fallure atudi •• , atud~a of tbe raepc~ .. of typl~al Irructurel (includina 

Ia p1&Dlliq Mcwru end arraya to _1Ia tbu. atudiea, ,-riteria _Sf be 

aU-DIll lP"ouad .ot1oft1. tile ra1iaUU,ty of openn·".a in 41fferODt U&lonl, 

and a cOlt/benaUt ~YI1a of tlla dlta tbat ., Oe obtained. A revla" of 

the urona40tion recorda that hay ..... n abt .. , LI\4IIl dur illl the paat 40 years 

.. icat.1 dlnUlc:aat vuiatlou ill tlla rec:uReca of atrona around 

.otianA in tlla .. i_Scllly actlv. rlllOO8 of tbe "Itarn unSted Stat ••• 

Wh .... ,: .. Ulled vith lIIatruaeat COlca, _lounallC.I COlca, and tbe rall.htUty 

oC operatio"a, t ..... racurrenc. r.latloll. call k lIInrpret4lll 1ft tana .. 

of e_ coat per raeord for dUfar_t laYali of .otlon. The ban"f1ta to be 

".Syed fr __ h type of .cudy ill each r .. 1011 .... to be utr.bUaMCI. 

eunallt p1&_ call for .witl_l array. to be uatdld ill California. 

tbe K1aei.a1ppi .... "...t. tbe taU_tone Parlr. relor., a~ Ala ..... to Itudy 

the ... ctral c"'ract.riat1c. of It rona Irauall _tfanA it> , ..... r .. :tona. 

Spec~l atudial of local att. afl.to. eoMl Itrvctwa.1 r.~~ollU arl beu. 

'1 ..... ill t ... _ra _i_lean" actSYa r .. 1_ of CaHf3rnia. BUlllar 

Any opinions, findings, concIusinns 
Of' rec:ommemIatiots expressed in this 
publ;"'t~n Irt those of tnt ;uthor( s) 
and do not nteesSlrily reflect the views 
of the National Science Foundation. 



I1IftOOUC11ClN 

ttw p1~' lnput for ehe d •• ll\11 of .tro ........... UOft lutrllllent arr .. ,. ~OIIe. (ra. the 

r ..... rch ~'l In .trona··..,tion • .,1_1ac1 and earthquake englnetorll\11. Th .. 1o, .... tu. behind 

8Uc~ of that r .... rch Ie the .ppll~.tlon of th~ r~.eareh results In ens1n .. rtn« destan .nd 

reduction of .... thqu.n hazard.. ru. 1n,.,t de fin ... ' .... 1'.1 ob' .. ctiv •• to ..... ~c..,l1.hed 

b, an "pproprlatel, deat",_ necwork !lut d .... not conatr.ln the devdopll",nt of the netwOrk 

.eO£r.phlcaUy. A .e~ond.ry lftput ec' ••• frOll the .t .. lon-orlentc-d .nd reltuhtor, .".ncl •• 

that d.alr. to _ltor tha r .. ponlHl 01 erltical f.cHltl •• to ..... .,,,. their u"rO"I •• durl • 

.. tenti.11y .... 'il\l earthqua.... 7be locatlon of th •• 1ftatru.~ne.t1on i. con.trnined to 

tha .pecific .tructure 01' .,at .. b.tna 8Oft1tored but ~, add atgnlfleAnt dAla to ehat 

obtailled fra. • netwrk of r .... rch iut:·lIIlenu. The .laai .. n-or(~lIted "eneiea abo 

lIIfluence tile d •• iac of tile Mtvork thnush tMir n.eel for ."tltUonal reae.rch reaulta 01. a 

t_1y buh. 

The t,..a of studi ... that utili •• IItrcma-:wtion data •• Y b. c1a .. lfted a. follUlr': 

. Studi.. of the aaur~. IleCMDUa. 

- Stud • of the apl~tr .. l ~har.et.rl~tl~. of atrong ,roul~ aotion 

....: of the .,.tatlona 0' t ..... ~Mraet"r1.tlce vI th t·.e INIture of 

ehe _ee, the travel JNlth aad rq10nal ieolocy. or the loc"l 

ett. conditione. 

- Scudtr.~ of eol1 failure. euch •• aoit 11~u.faetio, or lal~.11r~R. 

- Studt •• 01. the r_pon •• of a:epr"le", ,Hive type. of etructur ... nd 

int.rconnected .y.t .... It poteuti~lly Jaaa.Saa levela ~f r .. ponae 

MId of the Wl_n.,., of tt. foundation c0n41Uona on chi. r...""r .... 
- St_lea of tlla r'le1'Ollae of equl ... nt wblcb _, be (ree-.tandin; 

01' _ftt" oa .eruceure •• 

the Ur.t of the .. atu4laa Ia a fund_tal atu,'y In aai_loIY. on.. r .. ind.r t __ -

.... el' .1Y1 •• Into around IIOclon ltucU.a" aM I'Itr'Jctvral r.al'o"", "tuclle. aM MY 111'101 .... 

the II" of 1u~r .... ntation for either the r ... eAr"h or .,lftStorina func:tiDn. 



CUTaIA POll NI'nIOIUC DF.StGII 

111. d.vrlor-4!nt of crlteru for tINt pl'mnlne and 4ntsn of netwOrk" .,.", a",ay. or 
lMtr-.at.U"" to .... _. ISrOUftd _tiof .. lnvol., •• tile tollowlnl n.p.: (1) tM around 

_rl_ ... t be .. tialtlld; (2) the co.n of opcratlol11 .lIIt be .vabatad; Anot (:l) tile 

""neftt to b .. ' "erlved fr<HII the d.'t~ .-ult be ... e .... d. A .. btl"r pr()C .. ~·. IF .. bo r .. qufred 

a. the fir.t .tl!T' tn the proc:.~. of ,"nnill!! in.t~ntat1on arrllY. for IItructure. 

(kojahr·. 19H.). 

The eltl"ution of around notion. inv.,lvea a deter.lnat lon or the It!ctonic ."ttina. 

the aehlllicitv of the realon. I'nII the r.currenc:. of .erona (lround _tion.. 111 .. t­

.S-llar to thP proe ... of obUin'", ... CIUftd ... tions for uM In analy ••• of •• 1.1I1e: rf .• k or 

for III' In esUbllahlna delisn levela for e:ritical fuUitt .. (Al,ltMla.en anot 'uUn •• 

1912; Hay •• et aI, 1975). In thi. be.ic approach to •• ti .. tlllll ground motfon", the 

IMcnitucle.; the tr._fa.ll.n of the _tlon 18 .ad.lad a •• n attenuation of pe.k acce1er­

.,tlon; and thlt IIIOtlon at the ette 18 obuinf'CI a •• recurrence relation for !"articular 

dt. coadltione ( ... UI. 1). .... rattn.cl techniqu .. are the a..bj.cc of curr_t r .... reh 

In which the aourc. char.ctart.tica ar. ~aled 1D t ..... of the expected .tr ... 410p .ad 

, JI c. di .. ndon; the tran_l.alon of tlla _tlon la ... 1_ til ter.a of the _va propa-

latfon. attenuntion. and .,1'rer.lan; and the alt. aff.eta ar • .,..lad in tenol of tMir 

Influence on thP. .peetral cl~Tacterl.tlc. of the eotion. 

S"""rd " .. thon have ptherad a ennatd.rahl. _t of det. lndicaUn« thAt for 

...... 1.). On the other hand. the autina data on tIM attanuat101l of atrona around 

w»Uona indicate that tllar. i •• c_14arab1. _t of lCatter ill tha l'alAtioa of the 

peak acc.l .... tion. _lac:lty, or diapIae_t to the diatane. Ira. tIM aoure.. 'taur. 2 

pra .. nu the aUenuation of _It'" .ee."rat1011 with diatane. fra. tne ~"urce for aU of 

the data recorded durilla ~ha San r ..... o earthquake (M. Mal.y ... Cloud. 1.71). AD 

order of "!Intrude dUfar.nc ... , be _n In the pea .. acc.l.ratlone recorded at an, one 

dllt • .:It. Pllu", 1 pr •• ntl tlla aU_Clan •• f ,..11 ac~.1.rati_ with dietane. fra. the 

''1,Ie ... ntrr for ,,11 •• tA recordlld At r"rad"l., r..Uf., durlnA the p".t 40 y .. "rll. ,,_W-

.. rr ...... • ".""ont "I , .. · .. u'·r '" rYloI"nt In thiN plot .1ao. TlIIN IlIr,;. _"", "f IIt·IIt.tlr In 

, 



Til" ay~l1al>lUty of data fr. Mv.ral natio ... that hav .. been lnlltlllled fnr about 

40 ye.ra provU.a • _r • .thect approach to tha ."aluetion of tM rKurr.nee of .trotll 

Irouad _tiona. Por ..... 1 •• tM t .. ulta obtal .... boa r.radale are .hown in ftaur •• 10 

.nd 5. Tn Upre 10. tM c_l.IUve ... er. of .".nta for ..tIieh pIIa" ."eeluationa have 

.. xc .. ed.,t ... l .. "ted level. are plott ... ,",r.u. tlo. y.ar iD ""leh the ewellt occur.red. The 

lev .. l. of peak ac"eleration used In ftllUr. 10 vera aftl.cted to illuatrate the approach 

ulled. S1.11ar r •• ulta can be Obtalnej for eacto of the l.vel. of pea .. ac~p.leration 

recor.ted at chi. dt.. lID .tt .... ' ."'. been _d. eo dl.t1naulah betv .. 11 for •• hocks, .. in 

~ent., and .fter.hocks In coapll1a6 tM •• data. Seralaht lille. have heen ritted to tbe 

""ta •• ",1 the 1I10pe. of the .. 11 .... d.Une tbe "..,eIlT .... r ye.r" for ea,-" nr the •• Jeeted 

value. of .... k acceleration. 

All leY"la of ,.ak acealeretioa boa the c.-plete .et of racord. ObtalMd at 

rer_ale vere UHcI to r.oaetruc:t Uaura 5. 1D which the e_lative diatrlbution of av.nta 

pIIr ywn i. plotted Yer'''1 the peak accd.ratin val"... The'" poiDt •• n .1Iown a. 

efrete. in cht. ftaur., dpUyu. .. luufflc1allC1 ill t ..... data. (The value .t • peak 

aced.ratioll of 10 r:aJ .. 2 .ppear. to Ita too 1_ .. a r .. ult of tIM fan off in tM maher 

of 1_ leval _nt. that are r.corded "" _ 1Dat~t t ... t 1& triaa.red by the ..... nt 

hrlnK record .. d. wher ... the valua. for th. hlahaat peak aceeler.tiona .r. ohtained fr_ 

f ...... ' tl~'" five .. vant ••• nd thb i. c_i.arad to .... 1\ 1"."fUrl.nt ~ .. nl or dllt.). nil' 

._",nt ". "" .. un 111 tha d.t. ill UjlUra 5 b ralativ.,l, _11 " ......... with th., .-ullt of 

.catter bMltc"tad by tM atta_tioft ,Iota tn flallT .. 2 or 3. 

Data of the type IIhIMl 1D Lieu!'a 5 haYa b_ obtained for aU of tha .tr ..... _Uon 

wtr_t aita. that "'v., baeo 1D ,lace for about 100 y .. ,. (tabla 1). Only in thr_ 

c .... (f.rndale. Bolli.tcr .... 11 Caotro) are the •• ta .uffici.nt to provid. etati.­

tic.lly _all1l11ful r_lt. for peak accalaraU_ up to 100 m/Mc2• (If actUAl IIIportanc •• 

howev.r, 1. the fact that .t M~al .It •• in th ... "a.!salcally activa- .r .... DO .. tbaat. 

&If racurrellCe could be ••• arc.r 40 ,..1'. of recorell.... ror .-pl •• in the San Prancbeo 

Ra, r.Rlun. nn reliable •• tl .. t •• of recurrenca could ....... for Gold.n r.te Park or S.n 

.1 ..... • •• ltl",uRl. n _.t.. vaIlif' of .... ter than 100 ca/Acr2 .... Mall recnrclC!Cl at .ach .It,·. 
In the I.oN "",.te. badn. 110 reliable .. twta. can be _d. for Wa.tvOOd or Puadana. 

4 



S .. U.arl" althou&b 12 rec.ord. IIIIve ~ obt .. 1nec: at IIdena, IIoftt., 0Il1y three 0' ChClie 

..... __ ree«d.': .!aca 1911" ... ~ -.1nce 196f1. n.e resll1ts 18 caUlornia ua la .harp 

eOlltrut to ~tller a.U .. te. of rac'u'''_ that ,leU equal rat ... eloaa _t ...... nt. of 

tllll San ADdr .... h.,lt. n .... " u.·.lL. u. &l1lO an hdie.tlon .. I the ... ·fOUl dlfficultl ... 

In any .tt&'lll" to provicl. a ut~omal pl.n ror olltetnl. til. d •• tred .tronR __ ttntl rel!ord~: 

por_tl8lb d_l1na aenhqu.eMl. 1ft .., _ 111''' OCCIII' infreqlll!lltl, •• ad our .... te liM.r-

.tandlna or the proc ......... r.curr.nce of potentl.11y d.-alina around ~tlon. 1. there-

(or. lftM\.,quau. 

'I'IIa cost of .. 1IIt-_ hal bMft fOUllAl to be .aout thr .. t .... tho co.t of tile 

lo.truaen,. the.aelve. (depleclated ov.r • Zn.ye.r llf.). AI a r •• ult, the procedure. 

aNd in iMt~t _tat_nco __ to 1M er1tleaU, .".baeted. 10 panicular, the 

.. rvic. io~enal uy 110 1l1lltllened if an ".lIaatioa lndleat .. thlt thll vi 11 not reaul! 

tn eeriou. d.preciation 1n dther thll ,usat, or " ..... of record. recovned. 'nI. re.ultll 

of • atudy of tha 1.n&th of the "l'Ylca tnterval 1a ahovn In fiaur. 6. In the .arl, d.,a 

0' the p"otIr ...... rvf.c. int.nal fA 2 _eM hed Heft .. t.bU.... AI the ...... r. of 

iMcr-t. 1Ioilll _iatd ... 4r_t1eal1, lacr ..... iA the l.u 1960'., this iatel'Yal _. 

perforce incr ••• ed to ) ~th.. Mor. raceDtl,. a aea-ral polie, of .arvlci", at a naalnal 

4- _til fat.rval haa __ adopted (a .. I.e ted arou, of wtr .. au .a lI.tlC Ml'Yleeci at 

'-th IIIt.rval.). Sinee the cu:rr .. t COlt f~ ... a .... ed 011 a _ina! :S-th .. rY1ca 

urenal, en iac~_ to • '-th _..,al vi11 d~ficantly dec=_. the _lnt~. 

COlt., e1thoulh they are DOt expected to decr •••• by half einc. it ia planned that .or. 

tt.. .... U 110 .,.ot .t each 1a.t~t ..... the aerY1ce "'terval 11 lOllltheae4. "" a 

part of the evrLuatio" of _lnc_ca ~ocedllr ••• all of the old ... 1aet ... .ent. are Nina 

replaced vlth ..... era 1aet~nta, ... tha lIOCI.rn t".. of laatr_ta In •• nice are .. till 

.,.Urlaod tn brt"" t ....... to ,r_at .,.dfic.ri_. "'ta "par .. illl Df thco l .... t~t • 

.... 011141 ral.. t~ l_r of tlla NIl .. ea of l111a • .....,. in Uaure 6. 

'r~ thL recurrence data ..... ri.. la tabla 1 and the .. er ... coat. of laat~u.ent. 

aad _tat_ne. (,.00 ,.r JUr), tlla coeta per record for recorda with pealt Keel.att_ 

ar •• tar then .pedfW -.ate eM be _tained ( ... tel. 2). At _t .tto., the C"C 

doullJ. .... the ley.l of ,..t ace.leraCion doulll... BatbatH of ClIMe coate fOl' other 

Ilea. _t lie 4ataniM!l if plaadlla eriteda •• to be Ural,. .. ta)U.hed. Sillc. pe ... 

accolerations on the oMor of 200 ca/ .. c 2 .ra tho alaS- 1.".1. of potenU.al1,. d-a1na 

.,ti_, .1&nificant caet. -.a.t IIa _tidpated if va ara to racor. poto"thiU, .... lna 

5 



lft.l. of around .UOII at _'" of tho .. alt ••• 

".. ..... (1t. that will be d.rhed trc. tto. clata that vtll ho obtalned ... ot be •• tl-

.trOlll around .U_ fl· •• art ....... 1n tho ... eel'll part of tho United St.t .. rill be 

of ton.lderabl. benefit, wher ... ad.itional recorda at SO c.' •• c2 obtained at aAny of the 

alto. in CaUfarn!a ara of littlo ..... ftt. It 18 clear, In SOMral. that tho ••• t •• diu 

thilt can lie KtClllpUahod in the ..... active are .... y coat on. tentll •• _ .. eh •• th .. y vould 

t. other aro .. of taltfornia. Thue, .tudi •• of loc.l .It •• ffect •• hould be rlAnn£d for 

""rad.le. Ho1l1ltar, and 11 C.,.tro, if the locol 1011 coad!tiona f1.~"1t. Studio. of lov-

rh. ""tid I".. ,hcNld ba eond .. '!t" ia thoM _ 1'.,1_, where ... t~l •• of hlsh-rhe 

INlld1n&. tan be tonductod OIlIY III tho Sell Prac:ico or Lo. Mad ... rc ... 

~t of tho .tr("I-.otlO11 recor •• Obt.1IIod to data hav. boon obt.tned 1n californta • 

.... tho c.chai ..... (0" •• tSMt~ arllllllll _tlOll apactra ara ar,dy ba ... on Ch.ao retord •• 

.... ,...t ..... 1.11_t_ 'a .. k ... ,1 __ Y twftW ... _h dau, aad aa tnUllOftII1vely ••• 

_ of the 10 .. att'l ...... 01. callfonia. On the other haad. blah .. intenancoe co.t. 

In Ala.kA ort .. t tile Adv .. C.,o of ehe ,.nerally hl,h l.vel of act1vlty in that ... ~ton. 

"-,,al iafOll.UOII oa cta. tafl_c. of local I1t. conditt .... em the .pactrd .-pU­

tud •• of around .,1on _y lie oItta1aod h_ cho r .. 1oul ... ~rlta by ,lac1111 lft11tr_nU 

ia diff.rne , .. lo,ic "uiDI. or at .1e.o vleh differ ... t 8011 condlt10ne. More detaU" 

Tho .. ahould be Clt.lllaCt" ia r-aS- .... re the .. "ale act1vit, 10 auUldontly hlah to 

l_ro l1li ..... t .• return 011 tile iIIY .. tlleDt 1n 1D.c~teti .... aad ita .. tntonanco. 

S1a1lar1" In.t~tatiOll ... , .... to atudy eo11 failur.a throuah liquefaction or 

laId.li.l .. COlI be iDcorpGrotad iDeo tbe rea1 ... 1 .rr.,. 1f ar ... aubJeet Co .011 failuro 

era ldefttlf1... ....t.l' recor .... 1n.t ..... nt •• houl. be placed on the arOA of pot.ncial 

lead.lt.o eM' Uquefaction .. _11 .. on ftMrtty nul. Around. htendw lnatr_ntat1on 

rnr tlM'ae atudte ..... u1c1 be tftllull .. on1, in hlahly .ct"'. AU ... 

6 



n.. ll1fo .... UIHl aac .... r' to _ •• the e=oet. lit ObtainS", .trona .... tlnn dl". fI·_ 

III parta of the IIDrld -.ould be aaa.lt1_ eo that tha areatnt lIenafU ... v I>r "ertftCI 

If'r n11 en .. ·.r"ed vith _thllll.lr ....... 11. aM rh. 1_ of IH. thllt lIIIa ",,~qrrtl" tn ..... t 

... n t\qt.ekn. 
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Table 1 - -.cvrrence ~18ea fo~ atatloaa 1natall~ for 40 yeara 

total !haber ... a1aa Station Location 'Yeara/f-vent 
..... r of Aceel 

,. ~ SO 2 a > 100 V.are beoO'da ea/.ee l a > 2S 
• t.'l...£..1u!:-__ ~. __ 

40 U .74 PllllML! 1.S l . 
11 1 j !\aDA II (H) 

40 3 124 OOLDF.lt ("oAn: PARK 

39 6 S2 ALI!XANI>EIl IUILDt~ (20) 

39 11 411 SOUTHf.RM PACIfIC BLDG (10) 

40 6 ., 0MLAlID C ITT IIALL (12) 

40 6 56 IEHELEY (15) 

41 4 138 SAM JOSY. 

30 )2 Itl IIOLLISTP.R 2 4 8 

40 , 172 SAII'lA lIAAIWtA 10 

40 3 100 1IIS1WG1l 

40 7 220 IOUYVlOD on) 
411 9 110 OCCtllFNrAL lUll; 14 

41 11 210 VIUOM 10 20 

41 In 250 LOMC 1I'.AClI 10 (!l) 

40 4 100 'ASAJ)!N.\ 

40 10 46 ()('ILl'OH 12 (H) 

41 24 314 a. CENTRO 3 6 12 

41 , 30 SAN DXfT.o (20) 

40 13 18 I[SHOP 8 

36 7 42 IWITIIOIUfE 10 

]II 12 115 IIEL!lIA 

INlbera 1. parenth"a.a are baaed on In t 'Ia\,ff 1c 1 .. nt ........ t of dllta. 
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' ... 1. Z - s_arsr of coet .... ~ ~eco~" 

Station Loc.t'on Mad_ c(l .. t7~cc>r<' t n no 1.!.!!:!-
AcedZ • ) 25 a > 50 a ' 1M 

13/.ec • fn cal • .,.2 
rlblW.! 174 ICIO 1200 2400 

EUIlEJ(A 230 3200 (6000) 

GOLDF.~ r~TF. FAlX 124 

A1.I!XAHDF.R IUILDIII: 52 (tlOOO) 

SncTHnt~ PACIPIC ItDC 411 .. 000 

QW.AJID ITY IW.L 45 (4100) 

IJlJtK!U:Y 56 (6MO) 

SANJOSF. 138 

HOLL:~TF.R 191 800 16()O ]21)(1 

SANTA 8.\RIIAJV. 172 4000 

W!sm,OI) 100 

IOLL~)()f) 220 (12000) 

cr.ctDF.IIT AI. ILlIG 110 S6OC'I 

VElUIIlN 210 4000 IIOCY. 

UK: BrACH 250 4000 (10000) 
PASADI!IIA 100 

Q)LTON 46 5000 (10000) 

IL CF.NTk() 314 1200 2400 4Il00 

SAN DIF.r,o 30 (1000) 

IISHOP 311 3200 

1IAWTHORNt: 42 4000 

HI'l.MA 115 

..... " .. n 1n parenth.sea ar. ....ed on aft lft.uffteteftt ~nt uf dat •• 
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5 ------.,........""I""'I"''''"I''''I''''I----y_r---w-r-"r-T'"'Ir-n.2 

FERNDALE 

~ 
I !z 

l.LJ 
Gj 

~ 0:: 
W 
0.. 
CJ) ~ 

K)~ ~~ '0 '0 , 

10 
PEAK 

" , , 

Figure 5. EVENTS PER YEAR VERSUS PEAK ACCELERATION - FERNDAlE RECORPS 
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